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Intense debate has emerged about the possible negative 
effects of strenuous physical exercise practiced over a long 
period of time on fibrosis and cardiac remodeling, as well 
as its possible relation with the onset of certain types of 
arrhythmias such as atrial fibrillation (AF) (1-4). Due to 
its peculiar pathogenesis and accumulating data in the 
literature, we have recently purposed the definition of a 
new syndrome: strenuous endurance exercise-related AF 
under the acronym of ‘PAFIYAMA’ (‘paroxysmal AF in 
young and middle-aged athletes’). Briefly, we consider 
that this condition can be reached by fulfilling a number 
of putative (major and minor) diagnostic criteria, once 
common risk factors for AF and other underlying causes 
have been ruled out (5). The PAFIYAMA syndrome may 

be the consequence, at least in part, of atrial fibrotic 
remodeling [increased left atrial (LA) size] (6-12), among 
others. In addition, the clinical management should also 
differ from other forms of AF such as chronic AF in the 
aged population (5). Although the potential treatment of 
PAFIYAMA syndrome has deeply discussed (13), prevention 
is still in embryo. Unfortunately, no effective strategies are 
currently available for predicting cardiac maladaptations, 
especially of the atria (atrial dilatation and fibrosis), in 
those athletes who frequently practice high-intensity long-
term endurance exercise. Actually, we believe that this 
would be the only realistic strategy to predict and prevent 
PAFIYAMA syndrome, or even for an early diagnosis. 

In that sense, the prolongation of the PQ interval has been 
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previously reported to be associated with exercise-induced 
AF (14,15), but its predictive value is poor, mainly because 
it depends of individual susceptibility. A wide range of novel 
circulating biomarkers of AF risk has been described to be also 
increased in endurance athletes. Former athletes also display 
increased values of cardiac fibrosis biomarkers such as the 
inhibitor of matrix metalloproteinase type I (TIMP1) (16).  
Galectin-3 (Gal-3) might be also involved in AF-induced atrial 
structural and electrical remodeling, contributing thus to AF 
(17,18). In fact, elevated serum values of Gal-3 have been 
associated with new onset AF (19) and have also been recently 
proposed as useful indicators for predicting AF (20). 

Recent research has highlighted the pro-inflammatory 
cytokine tumor necrosis factor alpha (TNF-α) as an 
important key in the pathophysiology of the inflammation 
and fibrosis observed in AF associated with high-intensity 
endurance exercise (21). Other circulating biomarkers 
such as N-terminal pro-B-type natriuretic peptide (NT-
pro-BNP), fibroblast growth factor 23 (FGF-23), growth 
differentiation factor 15 (GDF-15), fatty acid-binding 
protein 4 (FABP4), interleukin-6 (IL-6), and adrenomedullin 
(AM) have been also associated with the incidence of AF (22). 
Increased plasma levels of the biomarker chitinase-3-like-1 
(CHI3L1), human cartilage glycoprotein-39 (YKL-40) have 
been associated with more extensive LA fibrosis in patients 
with lone AF as well as increased risk of AF (23,24). Other 
inflammatory biomarkers such as C-reactive protein (CRP) 
and neutrophil-lymphocyte ratio (NLR) have been also 
purposed as predictors of AF (25).

Epigenetic is an additional area with promising 
perspectives. MicroRNAs (miRNAs) are a series of 
small noncoding RNA molecules, which regulate (either 
activating or inhibiting) a myriad of cell processes and 
body functions. miRNAs have rapidly taken the center 
of interest by their potential in clinical applications due 
to their involvement in a wide array of cardiac pathways 
under both physiological and pathological conditions (26),  
e.g., they help reconstructing ion channels by regulating 
gene expression in cardiomyocytes during the process 
of arrhythmia (27). Therefore, these miRNAs are 
potential biomarkers of PAFIYAMA that could enhance 
our understanding of its pathophysiology. For instance, 
circulating profibrotic miRNAs such as miRNA-21 is up-
regulated by acute exercise (28). Notably, miRNA-26b is 
down-regulated in the right atrial tissue of AF patients thus 
causing pro-fibrillatory inward-rectifier potassium current 
up-regulation and shortening of action potential (29). 
Furthermore, circulating miRNA-29b is down-regulated 

in patients with heart failure and AF (30), which was also 
recently found to be reduced in the blood of healthy trained 
runners after completing a marathon (31). The same team 
of authors found that miRNA-1 and miRNA-133a, two 
cardiac tissue-specific miRNAs involved in myocardial 
ischemia-induced arrhythmia, were associated with LA 
diameter in trained marathon runners (32). Both markers 
were up-regulated and significantly correlated with LA 
diameter 24 hours after a marathon in well-trained athletes 
but not in runners with a lower training background. It was 
hence suggested that the level of miRNA expression may 
explain, at least partly, the discrepancy between ‘beneficial 
moderate exercise’ and ‘potentially harmful’ strenuous 
endurance, and that circulating miRNAs could serve as 
biomarkers of pro-arrhythmogenic signaling leading to 
atrial enlargement after long-term strenuous endurance 
exercise. The expression of miRNA-222 is also triggered 
by physiological hypertrophy (33), and differs between 
endurance and strength athletes, since it is overexpressed in 
endurance athletes and reduced in strength athletes (34). 

The so-called ‘resistance exercisers’ (recreational or 
amateur), an increasing population group following long-
duration and high-intensity resistance training, probably 
require more cardiological studies and monitoring to 
the best of our knowledge. Certain number of exercisers 
are more vulnerable to potentially detrimental cardiac 
maladaptations, i.e., LA dilation, and hence are exposed 
to greater risks from a cardiovascular perspective, which 
mostly entails certain types of arrhythmias such as AF. 
Certainly, there are individuals who adapt better than others 
with the same training loads due to genetic, epigenetic, 
environmental and adaptive factors. It is hence crucial 
to identifying a safety training zone and establishing 
the individual threshold according to their individual 
susceptibility as well as the recommended recovery 
periods. Likewise, the training characteristics could be 
individually adapted in order to lead to a healthy life. 
Unfortunately, current imaging techniques do not allow 
us to reliably anticipate this process of maladaptation and 
pathologic atrial fibrosis and/or remodeling. However, 
some circulating molecules including miRNAs (see Table 1 
for a summary) are biomarkers which can be measured in 
blood and, based on previous observations, their assessment 
may help determine which subjects are at greater risk or are 
undergoing a maladaptive cardiac process in response to 
the type, intensity and duration of the exercise performed. 
Furthermore, the miRNAs regulate the traduction process 
from the messenger RNAs to proteins at cellular level that 
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may be involved in this particular process. It would hence 
be possible to increase or decrease the expression of these 
miRNAs by specific interventions such as appropriate 
training programs and, therefore, modulate this process 
in an individualized manner according to the individual 

risk (Figure 1). Based on these observations and from 
our viewpoint, it would be very useful to identify feasible 
biomarkers which can be used for monitoring and predicting 
cardiac maladaptation to training, particularly of the atria, 
so preventing PAFIYAMA syndrome. Additionally, provided 
that future studies will confirm these assumptions, and 
one of these is already ongoing in our institution (Run For 
Science, http://www.dsnm.univr.it/?ent=iniziativa&id=5382
&lang=en), personal training based on certain biomarkers 
and epigenetics variations may even be recommended as a 
part of the athlete’s annual evaluation along with stress test, 
electrocardiography and echocardiography.
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Table 1 Summary of atrium fibrosis and remodeling biomarkers

Molecules 

Tissue metalloproteinase inhibitor 1 or inhibitor of matrix 
metalloproteinase type I (TIMP1)

Galectin-3 (Gal-3) 

N-terminal pro-B-type natriuretic peptide (NT-proBNP)

fibroblast growth factor 23 (FGF-23)

Growth differentiation factor 15 (GDF-15)

Fatty acid-binding protein 4 (FABP4)

Interleukin-6 (IL-6)

Adrenomedullin (AM) 

chitinase-3-like-1 (CHI3L1), human cartilage glycoprotein-39 (YKL-40)

C-reactive protein (CRP) 

Neutrophil-lymphocyte ratio (NLR)

miRNAs

miRNA-21

miRNA-26 

miRNA-29b

miRNA-1 

miRNA-133a

miRNA-222

Figure 1 Scheme of potential interventions.
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